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Tuberculosis (TB) is one of the most fascinating infectious dis-
eases of the 21st century. The pathogen infects a third of the
world’s population and manifestations of disease are protean.
There are difficulties in prevention, diagnosis and treatment of
TB. This article will focus on areas that I consider to be of par-
ticular current interest.

TB epidemiology

In 1993, the World Health Organization (WHO) declared TB a
global emergency but disappointingly little has changed other
than the emergence of increasingly drug-resistant organisms.
WHO figures from 2009 (www.who.int/tb/country/en/) show
that the highest incidence of TB is still in sub-Saharan Africa
where infection rates of over 300/100,000 are common often in
association with underlying HIV infection. However, if absolute
numbers are considered, it is clear that the burden of TB is in the
densely populated regions of the world such as China and India
(Fig 1).

At any one time, approximately nine million people world-
wide have active disease and approaching two million die each
year. As a disease burden, these numbers are large. However, in
the context of the 1.7 billion infected with Mycobacterium tuber-
culosis (MTb) less than 1% of those people have active disease
and a tiny fraction die. Thus, in normal circumstances the
human immune system copes very well with controlling TB
while allowing spread of disease.

Closer to home in UK, the Health Protection Agency reported
over 9,000 new cases of TB in 2009, a 5.5% increase on the pre-
vious year. The UK incidence of TB is 14.9 cases per 100,000
population. However, this disguises huge variation. TB is con-
centrated in urban areas and 41% disease is in London. Seventy-
three per cent of TB cases in the UK are from patients who were
born overseas. In the UK-born population, although much TB
occurs in communities associated with non-UK-born individ-
uals, the majority of patients are white Caucasians even though
the rate per 100,000 population is very low at around three. One
fact which is not widely appreciated is that 43% of UK TB is
extrapulmonary affecting brain, lymph nodes, bones, the gas-
trointestinal system and other organs. TB in the UK has a signif-
icant mortality; there were around 500 deaths in the late 1980s,
a figure now heading down below 350.

Difficulties in TB diagnosis

Diagnosis of TB is frequently fraught with difficulty. In affluent
countries, the disease is often not considered and symptomatic
patients may attend primary care on several occasions receiving
standard antibiotics before investigations are instigated. In poorer
parts of the world, failure to diagnose TB is a major problem
resulting in a considerable number of case under ascertainment.
Diagnosis is often based on microscopy (as initially recom-
mended for all international directly observed therapy short-
course programmes) which has about 50% sensitivity of culture.
As a result, there are few data on drug susceptibility. Unrecognised
drug resistance leads to prolonged infectivity, spread of infection
and adverse clinical outcomes including death. In large parts of
the world, there is no infrastructure for TB diagnosis. There is a
need for a test that is simple, robust, rapid and provides details of
drug resistance to at least isoniazid and rifampicin, the two main
anti-mycobacterial drugs.

Times are starting to change and simple but powerful mol-
ecular diagnostic tests are emerging;1 these are reviewed in
more detail elsewhere.2 Issues around these tests, such as cost
and care of equipment, remain in many parts of the world.
Transport of samples from rural areas through several layers
of the system to a centralised laboratory is in itself a major
challenge.

One answer to the need for a cheap and rapid test for TB and
drug sensitivity is the microscopic observation drug suscepti-
bility assay or MODS.3,4 The principle is simple and depends
on the culture of decontaminated sputum samples in broth
and the examination of the broth under an inverted light
microscope to detect the characteristic pattern of growth of
MTb (Fig 2). The critical part of the test is the incorporation
of anti-TB drugs at the outset to provide direct susceptibility
testing of infected samples. In contrast, most other tests rely on
first detection of the organism and then secondary or indirect
drug susceptibility testing which inevitably delays diagnosis of
drug resistance. MODS is more sensitive than not only tradi-
tional techniques such as Lowenstein–Jenson (LJ) cultures, but
also modern MB bactec machines. The median time to diag-
nosis with MODS was seven days, with MB bactec was 13 days
and with LJ slopes about 24 days.5 However, the key point is
that with MODS at the time of diagnosis drug susceptibilities
are available whereas with the other two tests a further round
of investigation was required before drug susceptibilities can
be obtained. Most patients are diagnosed by MODS within two
weeks. MODS is similarly efficient irrespective of the burden of
TB whereas MB bactec was much faster in patients who were
smear sputum positive compared to those who were sputum
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negative. MODS is relatively easy to learn and potential use of
mobile phone and other technology may allow capturing of
images with remote analysis in a low cost, highly effective way
suitable for smaller diagnostic facilities.

New anti-tuberculous drugs

The first question is do we need any new anti-TB drugs since the
majority of people who currently die with TB actually have fully
sensitive disease which has led some to advocate focusing on
finding and diagnosing disease. However, there are many issues
around the current duration of therapy required with so-called
short course treatment taking six months as a minimum.
Treatment is often complicated by drug interactions, particu-
larly in patients on highly active antiretroviral therapy
(HAART) and by a range of side effects the most common of
which is hepatotoxicity. However, the critical issue is the rise of
drug resistance. Multi-drug resistant TB (MDR-TB) is defined as
resistance to isoniazid and rifampicin and the WHO estimates
that there are over 500,000 cases of MDR-TB worldwide which
some believe is a conservative figure. In addition, there are many
patients who have resistance to multiple anti-TB drugs. This first
hit the medical headlines in 2006 when extensively-drug resis-
tant TB or XDR-TB was defined as MDR-TB plus resistance to a
quinolone and to at least one injectable anti-TB therapy was
identified in South Africa.6 XDR-TB is on the rise (Fig 3) and
this is despite the difficulty that many countries have in diag-
nosing resistance to first line, never mind second line, anti-
mycobacterial drugs. The rise of drug-resistant TB has implica-
tions not only for the patient with active disease but also to the
treatment of latent infection which may now often no longer be
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sensitive to the single drug therapy given to this quiescent form
of infection. Treatment of latent tuberculosis is a separate and
complex area where a central problem in resource poor circum-
stances is ensuring that active disease is not being inadvertently
treated with a single drug.

What would the ideal new anti-tuberculous drug look like?
Ideally it should kill MTb via a new target, be more potent than
present drugs and able to reduce duration of therapy. Studies are
ongoing to see if anti-TB therapy can be reduced to four months
but if a major impact is to be made on disease burden, therapy
needs to be under a month long. New drugs should be active
against latent and multiplying organisms including those with
drug resistance. Ideally a new drug should not be toxic and
would have minimal drug interactions, particularly with
HAART. Finally, the mythical new drug should be given orally
with infrequent dosing.

The reality is that the new drug pipeline for TB is very small.7

Many recent efforts have concentrated on the use of old drugs in
new ways. Moxifloxacin has recently been shown to reduce the
time to culture negativity compared to ethambutol in a

quadruple drug regiment.8 Close inspection has also shown that
rifampicin is used at a relatively low dose and that higher doses
(900–1200 mg) may lead to shorter course chemotherapy. The
longer acting rifamycin, rifapentene has less drug interactions
but is also a poorer drug than the parent rifampicin. Other
antibiotics for traditional bacterial infections are being investi-
gated for anti-TB activity particularly in patients who have drug
resistant organisms. For example, linezolid has good in vitro
activity against MTb although resistance may develop and pro-
longed in vivo use is associated with side effects.9

The diarylquinolines are the most developed new drug cate-
gory discovered by high throughput screening of substances
which inhibited the growth of M. Smegmatis.10 The drug target
is novel being the proton pump F0 subunit of mycobacterial
ATPase. The drug (TMC-207) has a long half life and appears
well tolerated in man where it is being used in patients with
drug-resistant disease. The second class of new drugs are the
nitroimidazoles, of which the best characterised example goes
under the name PA-824 which is a pro-drug activated by
mycobacterial enzymes. The mechanism of action is not fully
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understood but it does not appear to cross resist with other anti-
TB drugs. Interestingly, the drug appears to work well in hypoxia
against non-dividing organisms which may be relevant in con-
tinuation phase therapy with organisms in necrotic tissue.
However, it does not appear to shorten the duration of therapy
required to cure TB. Among the other drugs that are waiting in
the wings are diamines, pyrroles and benzothiazinones which
are all at early stages of development but the list of new drugs is
limited.

It is now time to think about new approaches to TB treatment.
Since the human immune system copes so well with MTb infec-
tion most of the time and keeps the organism contained within
the host, it may be that it will be possible to harness the immune
response to overcome or limit active infection. This may sound
farfetched but changes in technology allow therapies that seem
initially expensive to move to the clinic surprisingly quickly par-
ticularly if they are to deal with otherwise life threatening drug-
resistant disease. In addition, it seems that we have unknowingly
been using immunotherapy for over 60 years. We showed that
para-aminosalycilic acid (PAS), a second lined anti-TB drug,
actually acts to block prostaglandin-dependent pathways which
drive tissue destruction in TB before it has any effect on
inhibiting mycobacterial growth.11 Potentially new therapies
might target the enzymes that cause tissue damage in patients.12

Biomarkers and TB 

A biomarker can be defined as a measured characteristic(s)
which indicates normal or pathological biological responses or a
response to a treatment or other intervention. Biomarkers come
in many different forms and may not be of functional impor-
tance. Biomarkers are potentially useful in TB diagnosis, prog-
nosis including the prediction of relapse, the assessment of drug
resistance and other treatment responses as well as the develop-
ment of adverse reactions such as the immune reconstitution
syndrome in HIV TB. Finally, biomarkers may be key in moni-
toring vaccine responses where currently massive trials are
required to reach clinical end points such as disease prevention.

Biomarkers have always been part of clinical practice but
changes in symptoms such as fever, night sweats and cough are
not specific. Chest X-rays, skin tests and quantitative sputum
analysis have all been proposed as biomarkers and found
wanting in terms of sensitivity and specificity. Interferon gamma
release assays do not distinguish active and latent disease or reli-
ably change following treatment of infection. A number of
single host immunomodulatory proteins have been suggested as
biomarkers ranging from C-reactive protein through tumour
necrosis factor and interferon-inducible protein 10 as well as
more complex biomarkers such as whole blood MTb killing. No
single biomarker has proved robust and using multiple bio-
markers on the basis of hypothesis driven algorithms have been
disappointing. Biomarkers based on MTb antigens in sputum or
urine have also not been reliable. A more inclusive approach is
required which ideally does not make assumptions about disease
processes. To this end, proteomics, genomics and metabolomics

are novel technologies which hold out promise for the future.13

There are many practical issues associated with such – omic
markers relating to the large number of variables compared to
the number of samples, the way samples are collected and the
effect of tissue specificity and leukocyte migration. In addition,
there are mathematical issues around data over-fitting and other
aspects of number crunching. Thus, findings at present require
verification by a second approach. Proteomic technology is cur-
rently being used to distinguish active from latent TB. In the
medium term, proteomic studies lead to identification of spe-
cific proteins that characterise a disease state with the aim of
transferring detection away from mass spectrometry to dipstick
technology. Experience with the national lottery tells most
people that you do not need too many proteins to have a highly
specific read out.

Final thoughts

TB remains a major problem worldwide and patient numbers
are continuing to rise in the UK. Rapid diagnosis is the pressing
need with drug sensitivity data. Although molecular tests may
hold promise for the future, MODS is an attractive easily imple-
mented technology. In the face of the exponential rise of drug-
resistant TB, there are some, but not many, interesting new
drugs on the horizon as well as a few new roles for existing
antibiotics. The question is whether it will be possible to exploit
immunomodulation as may already have been done. The bio-
marker field is exciting and may facilitate diagnostic treatment
and vaccine studies but this is very much work in progress. TB
remains a great conundrum and a fascinating clinical disease
with many areas requiring more research. In the 21st century,
more clinicians need to respond to the call and find the best
ways to defeat an enduring pathogen.
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